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INTRODUCTION 


Tlie’  major  activities  supported  by  this  grant  were  uo  follows: 

(A)  Analysis  of  single  unit  activity  in  the  olfactory  epithelium  and 
bulb  of  the  rat  and  goldfish. 

(B)  Development  of  telemetry  techniques  for  recording  neural  impulses 
from  freely  moving  animals . 

(C)  Development  of  behavioral  and  olfactoaetric  techniques  to  be  used 
in  conjunction  with  (B) . 


Since  the  progress  in  these  areas  has  been  xargely  documented  by  publications 
this  report  will  concentrate  on  research  that  has  not  yet  r^^ared . 


(I)  SINGLE  UNIT  RECORDINGS  FROM  THE  OLFACTORY  BULB  OF  THE  GOLDFISH.  (Cr as slue 
auratus ) . 


In  fish,  many  behavioral  patterns  critical  for  survival  are  triggered 
by  compounds  present  in  the  environment  in  extreme  dilution.  These  are  the 
stimuli  with  the  greatest  biological  significance  for  feeding,  mating,  avoiding 
predators,  etc.  It  is  a  reasonable  assumption  that  the  olfactory  system 
has  evolved  a  sensitivity,  and  a  means  of  processing  this  type  of  information 
in  the  presence  of  considerable  background  "noise".  The  high  concentrations 
of  stimuli  used  by  most  experimenters  are  in  no  way  an  approximation  of 
the  natural  conditions  of  stimulation  and  may,  in  fact,  block  discovery  of 
the  underlying  coding  mechanisms.  For  example,  inhibition  is  often  reported 
to  be  a  dominant  feature  of  bulbar  response.  But  is  this  degree  of  inhibition 
normally  elicited  by  natural  stimuli, acting  in  concentrations  at  nhich 
they  are  found  in  the  environment? 

Responses  were  characterised  by  two  features: 

(1)  Low  level,  or  occasional  absence,  of  inhibition. 

(2)  Selective  responsiveness  of  units. 

Thus  in  over  200  units  studied  there  was  no  evidence  of  inhibition  in 
response  to  food  extract  -  only  excitation.  With  the  other  compounds  tested 
varying  degrees  of  inhibition  were  recorded  but  never  exceeded  20^.  This 
contrasts  with  the  far  higher  levels  of  inhibition  previously  reported  for 
fish. 


Selectivity  in  responsiveness  was  seen  in  the  large  number  of  units 
which  responded  zo  only  one  or  two  of  three  compounds  presented. 

The  conclusion  from  these  findings  is  that  if  low  concentrations  of 
appropriate  stimuli  are  used,  inhibition  is  less  prevalent  in  the  olfactory 
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bulb  of  the  goldfish  thar  studies  with  higher  concentrations  inappropriate 
stimuli  miglit  suggest. 

(II)  SINGIE  UNIT  ACTIVITY  IN  THE  OLFACTORY  EPITHELIUM  AND  JLB  OF  THE  RAT 

The  'uasis  of  odor  quality  discrimination  is  poorly  understood.  Single 
unit  analysis  of  odor- induced  responses  in  the  olfactory  epithelium  have 
so  far  failed  to  produce  any  evidence,  that  odorants  can  be  classified  into 
a  relatively  small  group  of  compounds  or  ” primary  odors.”  A  study  was 
therefore  made  of  rat  olfactory  epithelial  and  bulbar  units  in  an  attempt 
provide  further  information  concerning  the  problem  of  odor  quality  dis¬ 
crimination.  The  rat  is  of  particular  interest  because  no  recordings  have 
so  far  been  reported  from  the  olfactory  epithelium  of  any  mammal,  and  because 
it  is  a  species  for  which  behavioral  information  is  available.  (The  results 
of  this  study  are  presently  being  prepared  for  publication). 

The  main  features  of  the  rat  olfactory  bulb  as  elucidated  by  longitudinal 
section  are  shown  in  Figure  1.  The  zone  of  mitral  cells  -  from  which  re¬ 
cordings  were  made  -  lies  deep  to  the  zone  of  glomeruli.  The  primary 
neurones  converge  on  the  surface  of  the  anterior  pole  of  the  bulb. 


Materials  and.  Methods 


The  animals  used  in  these  experiments  were  adult  male  albino  rats 
**00-500  g.  in  weight.  They  were  anesthetised  with  "Equised"  (chloral  hydrate 
30J&J  magnesium  sulfate  2536;  chlorobutanol  0.2536  and  distilled  water)  ad¬ 
ministered  intraperitoneally.  The  initial  dose  was  0.5cc  per  400  g.  body 
velj^t  followed  by  0.05  cc  at  intervals  until  the  desired  degree  of  anesthesia 
wasrieehed.  '  After  securing  the  animal  in  a  stereotoxic  instrument,  the 
and  skull  were  removed  sufficiently  to  expose  the  olfactory  bulb  and 
a^pestion  of  the  epithelium.  As  a  precaution  against  drying,  the  surgically 
wsoied  areas  of  the  preparation  were  bathed  in  a  mixture  of  0.9$  Nacl 
d^bnuon  -  nd  mineral  oil,  maintained  at  37°c.  After  the  operation  only 
pwptoationa  showing  a  regular  breathing  rate  of  55+  5/min.  were  used. 
:-&jfeC0x^dlng8  were  made  with  glass  microcapillary  electrodes  having  a  tip  re- 
dtiiitatice  of  about  33  megohms  and  a  tip  diameter  of  less  than  0.5  mi' irons . 


recordings  from  the  olfactory  epithelium  the  surface  of  the  tissue 
observed  with  a  reflecting  microscope  to  ensure  that  the  characteristic 
i^^/iw%!«aents  were  evident.  The  indifferent  electrode  was  a  small  platinum 
in.' contact  with  the  shin  of  the  head.  These  electrodes  were  connected 
impedance  probe  and  Grass  preamplifier  (P5,  A.C.).  For  observation 
the  output  of  the  preamplifier  was  connected  to  a  dual  beam 
•iMjbiJNlotOOpe  and  photographed  with  an  oscilloscope  camera.  In  some  experiments 

alj0  mde  # 


. .olfactometer  used  in  these  experiments  was  constructed  entirely 

j/of-gll*#  and  teflon.  A  source  of  compressed  air  was  first  purified  by 
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passage  over  silica  gel  and  activated  charcoal  and  then  split  into  three 
streams  of  Known  flow  rate.  The  first  stream  was  bubbled  through  the  test 
odorant  to  provide  a  saturated  vapor  channel.  The  second  was  used  to  provide 
a  first  step  dilution;  and  the  third  was  used  both  as  a  third  step  dilution 
and  as  a  va an  line  lirected  to  the  animal  between  stimulus  presentations. 

Both  the  diluted  odorant  a.*i  the  wash  flows  were  delivered  to  a  teflon  face 
mask  fitted  tightly  to  the  rat’s  muzzle .  An  exhaust  valve  led  to  the  exhaust 
line. 


In  the  main  series  of  experiments  four  odorants  were  used:  amyl  acetate 
(A.A.) ,  covovial  alpha  (N.A.),  organism  oil  extract  (0.0.)  and  alpha  ionone 
(A. I.).  Each  was  presented  in  each  of  thr&c'  dilutions:  0.5;  0.5  x  10"^, 

0.5  x  10“ ^  of  appropriate  vapor  saturated  at  22±  2°c.  In  the  experiments 
on  the  olfactory  bulb  these  odorants  were  presented  successively  in  peiJte 
according  to  a  randomly  determined  sequence.  After  the  first  odorant  of  a 
pair  was  delivered  to  the  preparation,  and  the  nature  of  any  response  that 
occurred  had  been  noted,  the  second  odor  was  presented  and  the  response  of 
the  same  units  was  recorded.  However,  because  of  technical  difficulties  it 
was  not  always  possible  to  present  all  four  stimuli,  or  to  present  them  in 
each  of  the  three  concentrations.  The  period  of  stimulation  and  intervals 
between  tests  were  adjusted  to  give  constant  resting  activity  and  no  accommo¬ 
dation  to  the  odorant  or  fatigue  of  the  preparation  was  observed. 


Results 

a)  Olfactory  Epithelium 

When  the  micropipette  is  slowly  lowered  into  the  olfactory  epithelium 
the  first  spike  discharges  can  generally  be  recorded  at  a  distance  of  about 
lpOu  from  the  Surface .  typically  there  is  a  low  resting  discharge  showing 
»M*xed  increase  in  frequency  with  the  apprroporate  odor  stimulation,  and  having 
an  amplitude  of  about  2  vN  or  acre  2,A^,C). 

• 

Successive  presentations  of  the  same  stimulus  elacited  the  same 
response  pattern  on  each  occasion.  However,  it  was  difficult  to  hold  the 
'Mine  writ  for  prolonged  periods  (over  30  minutes)  apparently  because  the 
electrode  tip  was  moved  by  pulsation  of  blood  capillaries .  The  electrode 
tip  frequently  broke  soon  after  a  unit  was  picked  up. 

V  fayl  acetate  was  a  more  effective  stimulus  than  the  others  used.  When 
tillered  air  was  passed  over  the  preparation  a  resting  discharge  was  observed. 
:3&4tame  oases  this  activity  disappeared  during  odor  stimulation.  For  con- 
TjJtt&hce  we  shall  refer  to  this  as  "inhibition"  without  implying  an  inter- 

^pfetition  of  the  tinder  lying  mechanism. 

' .• 1 , -I*  unite  -which  were  exicted  by  odor  stimulation  an  increase  in  concentration 
'  a  proportional  Increase  in  the  rate  of  firing.  However,  differences  in 

•  patterns  elicited  by  different  odorants  were  not  sufficiently 

to  distinguish  them  from  differences  in  discharge  patterns  elicited 
hydiffere&t  concentrations  of  the  same  odorant.  Because  of  the  technical 
•'ddJflcultiaa^  a  more  extensive  analysis  of  single  epithelia  units  was  not 
attempted ^iFicj  3.J. 
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Results 

a) .  Olfactory  Epithelium 

When  the  micropipette  is  slowly  lowered  into  the  olfactory  epithelium 
the  first  spike  discharges  can  generally  he  recorded  at  a  distance  of  about 
IDO  p  from  the  surface .  Typically  there  is  a  low  resting  discharge  snowing 
narked  increase  in  frequency  with  the  approjtriate  odor  stimulation,  and 
haring  an  amplitude  of  about  2  sff  or  more. 

Successive  presentations  of  the  same  stimulus  elicited  tie  same  response 
pattern  on  each  occasion.  However,  it  was  difficult  to  bold  the  same  unit 
for  prolonged  jeriods  (over  30  minutes)  apparently  because  the  electrode 
tip  was  moved  b*  pulsation  of  blood  capillaries .  The  electrode  tip 
frequently  broke  soon  after  a  unit  was  picked  up. 

Jtiqrl  acetate  was  a  more  effective  stimulus  than  the  others  used.  When 
filtered  air  was  passed  over  the  preparation  a  renting  discharge  was  observed. 
In  sene  cases  this  activity  disappeared  during  o&cr  stimulation.  For 
convenience  we  shall  refer  to  this  as  "inhibition"  without  Implying  an 
interprenation  of  the  underlying  mechanism. 

In  units  which  were  eadeted  by  odor  stimulation  an  increase  in  concentration 
led  to  a  proportional  increase  3c  the  rate  of  firing.  However,  differences 
in  excitation  patterns  elicited  by  different  odorants  were  not  sufficiently 
distinct  to  distinguish  them  from  differences  in  discharge  patterns 
elicited  by  different  concentrations  of  the  same  odorant.  Because  of  the 
technical  difficulties,  a  more  extensive  analysis  of  single  epithelia  unit* 
was  not  attempted. 

b)  .  Olfactory  bulb 

A  glass  micropipet fce  yzju  lowered  in  steps  of  5  or  less  into  the  olfactory 
bulb  until  the  mitral  cell  layer  wus  reached.  At  about  200  jx  from  the 
surface  of  the  bulb,  single  ’units  were  recorded  extrace llularly.  The  largest 
units  had  an  amplitude  of  about  1  mV  ur  ">ore.  tflae  unit*  disappeared  if 
the  electrode  tip  was  moved  yy .  Because  such  movements  occurred  naturally 
(apparently  due  t.o  pulsations  of  blood  vessels  and  respiration)  a  small, 
teflon  sheet  was  placed  on  the  surface  to  reduce  this  source  of  difficulty. 

Unitary  discharges  from  the  bulb  could  be  divided  Into  the  following  groups; 

( 1)  ".  Units  which  show  a  high  frequency  level  of  response  to  odor 

stimulation  (Figs ,  k  &  5) 

(2) .  Units  with  some  low  level  of  "resting"  discharge  with  a  larger 

spike  amplitude  than  (l)..  The  frequency  of  this  discharge 

was  always  decreased  by  odor  stimulation  (Fig.  6). 

(3) .  Units  with  -some  low  level  of  "resting"  discharge  which  was 

not  influenced  by  odor  stimulation  (aon-responsive  units  -Fig.  10). 

The  unite  of  type  (l)  appeared  with  increasing  frequency  with  each 
successive  inspiration  of  the  odorant.  The  relation  of  frequency  of  discharge 
to  asyl  acetate  concentration  for  such  a  unit  is  sfaowr  in  Fig.  h.  The 
initial  response  was  a  buret  of  several  units.  After  stimulation  stopped 
the  active  units  returned  to  the  "resting"  level  of  firing.  When  a  second 
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and  different  species  odor  was  now  applied,  some  units  responded  to  the 
new  odorant  whilst  others  were  unresponsive. 

In  one  typical  experiment  in  r  \dch  all  odorant#  were  delivered  at  the* 
seme  concentration,  no  significant  differences  could  be  detected  in  the 
resulting  patterns  of  excitation  (figs.  849).  In  these  figures  units 
responding  to  a  given  odorant  are  defined  as  those  with  40$,  or  mere  of 
the  height  of  the  units  havirlg  the  highest  amplitude.  Frequency  variations 
of  these  units  during  each  burst  of  activity  ’occu^ing  during  each  Inspiration 
of  the  stimulating  molecules)  can  then  be  plotted  s«*  a  percentage  of  the 
standard  figure.  This  figure  is  the  frequency  in  the  period  Just  before 
stimulation. 

Thus  it  appears  that  the  evoked  potentials  show  a  progressive  activity 
change  during  odor  stimulation.  Such  a  change  has  a  clear  relation  to 
the  quantity  of  the  odor  and  may  have  same  relation  to  the  quality  of 
the  odor.  The  threshold  is  apparently  changed  at  an  active  site  by  an 
odorant  and  its  change  is  closely  linked  to  the  coding  mechanism  for  odor 
discrimination  at  this  primary  center  (Figs.  7,8,  1?). 

Frequency  counts  may  be  reduced  in  magnitude  in  some  instances  by  the 
application  cf  the  stimulus.  Thus  in  Fig.  6  one  large  unit  decreased  in 
lisquency  during  odor  stimulation,. 

II.T.  TELEMETRY  TECHNIQUES 

The  o.'erall  aim  of  the  entire  research  project  has  been  to  elucidate 
the  mechanisms  of  odor  quality  discrimination  not  only  through  tiie  acute 
preparation,  but  also  in  the  unanesthetised  animal.  Direct  **lre  methods 
of  recording  from  freely  moving  animals  impose  restrictions  on  the  quality 
of  the  record  and  on  freedom  of  movement  .  This  is  an  important  consideration 
in  behavioral  tests  designed  to  focus  the  attention.  c»f  the  animal  on  the 
test  odor. 

The  problem  can  be  overcorie  by  the  use  of  mi.  ure  amplifier- transmi  tters . 
However,  commercially  available  systems  are  either  toe  bulky,  or  inadequate 
for  the  tranBmiss .'.in  at  frequencies  characteristic  of  the  nerve  impulse. 

The  solution  has  toun  to  develop  appropriate  telemetry  devices.  These  are 
described  fully  in  'rveral  publications ,  and  will  not  be  considered  in 
detail  here  (Skutt  a  al,  1967;  Moulton,  1967a;  1968b;  Marshall  &  Celebj 
in  preparation;  Moulton  et  al,  1970) .  ' 

The  resulting  unit  can  be  carried  without  apparent  effort  by  a  rat  and 
6  units  can  be  mounted  on  '■  specially-designed  head  cap  implanted  on  the* 
head  of  a  rabbit.  Single  ui  it  activity  has  oeen  successfully  telemetered 
from  the  olfactory  bulo  of  rate  involved  in  an  odor  detection  task.  The 
activity  ia  led  from  chronically  implanted  stainless  steel  electrodes 

IV.  BEHAVIORAL  TECHNIQUES 

The  use  of  telemetry  devices  allows  animals  to  be  trained  in  odor  detection 
or  discrimination  tasks  which  focus  the  animal's  olfactory  equipment  on  the 
rest  dor  and  allow  the  resulting  odor- induced  activity  to  be  recorded,  in  the 
form  of  single  units,  from  chronically  implanted  microelectrodes .  Techniques 
applicable  to  both  rats  and  rabbits  have  been  developed  and  described  in 
detail  (Moulton  1968a,  1968b;  1970) . 
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t*.  ABSTRACT 


1!h«  research  project  concerned  the  mechanisms  of  odor  discrimination.  The  major 
activities  of  this  project  are  as  follows: 

(A)  Analysis  of  single  unit  activity  in  the  olfactory  epithelium  and  bulb  of  the  rat 

.  and  goldfish. 

C&)  Development  of  telemetry  techniques  for  recording  neural  impulses  from  freely 

moving  animals. 

.  Development  of  behavioral  and  olfactometric  techniques  to  be  used  in  conjunction 

mitfc  (2).  r  \  / 
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Since  the  progress  in  these  areas  has  been  largely  documented  by  publications  this 
report  concentrates  on  research  that  has  not  yet  appeared.  ^ 
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